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1 . DESCRI PTI' ON COVPONENT
MOUNTI NG APPARATUS TECHNI CAL FI ELD The present

i nvention r 0 a board 5 transfer method and a in
particul ar, ehﬁ@ﬁﬁﬂ% return-back systemthat a boarﬁeg??z#ﬁF% a
process, for exanpl e, conponent placenment is transferred in onto a
board positioning table such as an X-Y table by a | oader unit, '
whi | e anot her board after the conponent placenment 10 is al so
transferred out to the | oader unit, for use in el ectroni c conponent
pi ck- and- pl ace equi pnent in which lel ectroni c conponents are
inserted or placed to a printed CIrCUIt boar d. BACKGROUND
ART 15 In recent yearspyg. f%ﬁﬁﬁronic conponent pi ck-
and- pl ace equi pnent is in nmany cases opera or batch

COMPONENT MOPNTING APPARATUS

TECHNICAL FIELD
The present invention relates to a boarxrd
5 transfer method and apparatus, in particular, of the
return-back system that a board prior to a process, for
example, component placement is transferred in onto a
board positioning table such as an X-Y table by a loader
unit, while another board after the component placement
10 is also transferred out to the loader unit, for use in
electronic component pick-and-place equipment in which
electronic components are inserted or placed to a printed

¢circuit board.

BACKGROUND ART

15 In recent years, the electronic component pick-
and-place equipment is in many cases operated for batch
production in terms of the flexible manufacturing system
(wide-variety-of-types, loﬁ-volume production) and
environmental improvewment for the production of printed

20 circuit boards. As a result, there have arisen cases, in
particular, where bogrds are transferred in and out

between a board stock rack and the electronic component



production in ternms of the flexible manufacturing system

(w de-variety-of-types, [|owvolunme pr oducti on) and

envi ronnment al inprovenent for the production of printed 20 circuit
boar ds. |t, there have arisen cases, in artlcular wher e
boards are trgﬁ rred in and out bet ween a boar dP Rk and
the el ectroni c conponent - WO 97/ 34460
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pi ck- and- pl ace equi pnent by using one robot. In the boar d
transfer nmethod and apparatus of this return-back system

advant ageously, the installation space @an be saved, while one
robot will do for both the take inof a 5 board prior to conmponent

pl acenent and ¢t he t%ﬁe out of board after the conponent placenent

because t he
position

Conventi onal |
system as sh

placeaf?‘&?lﬂ“}?@tco%o%ﬁ?gpl%nﬁﬂ}t”?s retRr ¥&@ to the
to CO one ace ken in.
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a drive devicé for guiding
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saved, while one robot will do for both the take-in of a
board prior to component placement and the take-out of a
board after the compoment placement because the board
after the component placement is returned to the position
where the board prior to cowmponent placement is taken in.
Conventionally, a board transfer apparatus of
the return-back system as shown in Fig. 10 comprises a
pair of guide rails 2 having a drive device for gquiding
and transferring a board 1, a link mechanism 3 for
supporting the guide rails rotatably about a fulcrum, an
air cylinder 4 for driving the link mechanism 3 to rotate
about the fulcrum and thereby moving the guide rails 2 up
and down, and an X-Y table 5 for positioning the board.
With this arrangement, the board 1 on the X-Y
table S5 after the component placement is transferred out
onto the gunide rails 2 that have been lowered by the air
cylinder 4 and coupled with the rails of the X-Y table 5,
the board 1 being then moved to the other end of the
guide rails 2. Subsequently, the board 1 after the
component placement is taken out by a robot or the like,
and then a board prior to component placement is newly

placed on the guide raiis 2.
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and transferring a board 1, a link nechanism 3 for supporting the
guide rails rotatably about a fulcrum an air cylinder 4 for
driving the link mechanism3 to rotate 15 about the ful crum and

t her eby novi ide rails 2 up and down, and an X: e 5
for position{]‘ggg?@é‘&ﬁoard. ) Wth this arrangr}é‘ﬁé%?f’&?#e '
board 1 on the X-Y table 5 after the conponent placenent is
transferred out onto the guide rails 2 that have been | owered by
the air 20 cylinder 4 and coupled with the rails of the X-Y table 5,
the board 1 being then noved to the other end of the guide rails 2.
Subsequently, the board 1 after the 3 conponent placenent is taken
out by a robot or the like, and then a board prior to conponent

pl acenent is newly 25 Elaced on the guide rails 2. WO
97/ 34460 Next, the beard priopkg gopRSReAt placement is
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transferred onto 5, a he "gur de’ ral _ are driven
by the air cylingdes driSenipyl G diVed URder 4 so £E£PESabeNgobe@Maphe X-Y

table. This is the process in
separating from the X-Y table. This is the process in
5 which boards are exchanged and transferred.

In such a conventional board transfer
apparatus, on the X-Y table 5, the board 1 after the
component placement is transferred out through the guide
rails 2, and thereafter a board prior to component

.10 placement is transfexred in again through the guide rails
2. Therefore, much time is required for the replacement

of boards, which has been an obstacle to reducing the

pfoduction cycle time.

DISCLOSURE OF INVENTION
15 An object of the invention is to provide a
board transfer apparatus of the return-back system which
allows the replacement of boards from and to a board
positioning table to be accomplished in short time.
In order to achieve the aforementioned object,
20 according to a first aspect of the present invention,
there is provided a board transfer method in which a
board is transferred in from a loader unit into a

position where a prdcess is carried out on the board andg,



5 : which boards are exchanged and transferred. In such

a conventi onal board transfer apparatus, on the X-Y table 5,
the board 1 after the conponent placenment is transferred out

t hrough t he | rails 2, and thereafter a board prior to
conponent 10 pl acement is transferred in again throug cT’ﬁ??W’ﬁle rails
2. Therefore, nmuch tinme is required for the repl acenent of boards,
whi ch has been an obstacle to reducing the production cycle tine.

DI SCLOSURE OF | NVENTI ON 15 An object of the invention is to
provi de a board transfer apparatus of the return-back system which
all ows the replacenent of boards fromané& to a board posi tioning
table to be acconplished in short tine. In order to

achi eve the af ntioned object, 20, according to a first aspect of

t he present iﬁ@%%gs8nf procesh tRePRTF I S dddes BFOSPESeraReRER AEt hod in”
whi ch a ' r I ' oade nit. into a

position V\herereglag‘rat%gegéc’%s@%;% el g&? %%9?}]%1 oar (ghaaﬁ.aed ouL" WO
97/ 34460 the method comprising: PCT/ JP97/ 00775

after the process is carried out onto the board
5 in the position, moving the processed board from the
pog}tion onto an unloader unit, while simultaneously
transferring a succeeding board prior to the process from

the loader unit into the position;

thereafter relatively moving the unlocader unit

io or the loader unit above the board that is in the
position until the wunloader unit is coupled with the
loader unit; and

delivering to the loader unit, and thereby
discharging out, the processed board that has been moved

15 to the unloader unit.

According to a second aspect of the present
invention, there is provided a board transfexr method
according to the first aspect, wherein a succeeding board
prior to the process is positioned into the position

20 during a period which the unloader unit or the loader
unit is moved above the board in the position so as to be
coupled with the loader unit, and further the processed
board that has been moved to the unlocader unit is

delivered to the loader unit.



4 . after the process is carried out, the processed board is
returned back to the |l oader unit and discharged out, t he nmet hod
conpri si ng: after the process is carried out onto the

board S  wolohadsge PoOsition, noving the processed board fﬂﬁ‘gﬁﬂ% 75
posi tion onto an unl oader unit, while sinultaneously r&ns?erring a

succeedi ng board prior to the process from the | oader unit into the
posi tion; thereafter relatively noving the unl oader unit
10 or the |oader unit above the board that is in the

position until the unloader unit is coupled with the | oader unit;
and delivering to the | o&der unit, and thereby

di scharging out, the processed board that has been noved 15 to the

unl oader wunit. jlmggﬁd%11,1%Aq:cé,or gi ng#%ﬁ ar?;s?%%gd gfp%%te ogrgg er esent

I nvention, there is provi oard trans atcording to

the first aspeghveWBebRl N therécCeLdigkhbARE] a board PEi&Msfdd t fi8LREQCESS
is positioned into the position 20 during a period which the unl oader

unit or the | cadebrding to thet fisstoaspkathowherednbahedprocéhe postdi on so
as to be coupled with the | oader unit, and further the processed
board that haspleee sowpdnents henuphedeeardmnd ithe processed board is

5 a board after the components placement.

According to a fourth aspect of the present
invention, there is provided a board transfer method
according to the second aspect, wherein the process is to
place components on the board and the processed board is

io a board after the components placewent.

Accoxrding to a fifth aspect of the present
invention, there is provided a board transfer apparatus
in which a board is transferred in from a loader unit
into a position where a process is carried out on the

15 board and, after the process is carried out, the
processed board is returned back to the loader unit and
discharged out,

the apparatus comprising:

an unloader unit for guiding and transferxing a

20 board;

a driver for moving the unloader unit oxr the
loader wunit along a direction in which the board is
transferred;

a positioning table for positioning the board;

25 and



delivered to the |oader unit. WD 97/ 34460
PCT/ JP97/ 00775 5
Atcording to a third aspect of the present i nvention, there is

provi ded a nsfer met hod according to the flrst as ect
wher ei n theQ@§3@%§éﬁus to place conponents on the JSTPRIUNES: he

processed board is a board after the conponents pl acenent.
According to a fourth aspect of the present i nvention, there is
provi ded a board transfer nethod according to the second aspect,
wherein the process is to pl ace conponents on the board and the
processed board is 10 a board after &€ he conponents placenent.
According to a fifth aspect of the present i nvention, there is

provided a board transfer ap aratus whi ch a board_is transfer
in froma | oader unlt a HP&tafBBSFF?QﬁF%%R%QQ'§hﬁr§8é§§'|s carried

out on the 15 ar{in g{éoax‘u}(lac{a} héztnlqg ae; ggﬁ??eg valth eefoaé)er’

processed board is refurne oa
unit through above the positioning table so that the

board can be delivered therebetween.

5 According to a sixth aspect of the present
invention, there is provided a board transfer apparatus
according to the fifth aspect, wherein the unloader unit
is equipped with a pair of first guide rails having a
drive device for gquiding and transferring a board, and

10 the loader unit is egitipped with a pair of second guide
rails having a drive device for transferring the board,
and then the first gudide rails of the unloader unit are
coupled with the second guide rails of the loader unit
through above the positioning table sc that the board can

15 be delivered therebetween.

According to a seventh aspect of the present
invention, there is provided a board transfer apparatus
according to the fifth aspect, wherein the process is to
place components on the board and the processed board is

20 a board after the components placement.

According to an eighth aspect of the present
invention, there is provided a board transfer apparatus
é.ccording to the sixth aspect, wherein the process is to
place components on tghe board and the processed board is

25 a board after the conponents placement.

red _

t he



di scharged out, t he apparatus conpri si ng;

an

unl oader unit for guiding and transferring a 20 boar d;

g_driver for uxving t he unl oader unit or the | oader unit along a
irection i | t he board is transferred, a

posi tioni ng%ﬁﬁjf’%n?oor positioning the board; 25 and FCTARITOOTS WO

97/ 34460 ’ PCT/ JP97/ 00775

6 a |l oader unit for transferring the board,

wherein the unl oader unit is coupled with the | oader unit through

above the positioning table so that the

t her ebet ween.
pr esent

according to the fifth as

equi pped with a pair ofA?"?’g ing it The | SR

10

15

20

5 According 7to a sixth aspect of the

board can be delivered’

i nvention, there is provided a board transfer apparatus

wherelpn the u%kl%?géj rtllijenl {nvention, Iéle

board after the procéss such as component placement is
temporarily transferred from the position to the unloader
unit, and then in thig state that the succeeding board is
transferred in from the loader unit to the position, the
unloader unit is coupled with the loader unit over the
position, where the board is discharged out to the loader
unit. Therefore, the replacement of boards can be
accomplished smoothly without uselessness.

This board transfer method allows the
succeeding board prior to the process to be positioned
during the discharge process of the preceding board after
the process. Thus, the production efficiency can be

enhanced.

BRIEF DESCRIPTION OF DRAWINGS

These and other aspects and features of the
present invention will become clear from the following
description taken in conjunction with the preferred
embodiments thereof with reference to the accompanying
drawings, in which:

Fig. 1 is a side view showing the arrangement
and board transfer operation of the board transfer
apparatus according to one embodiment of the present

invention;



drive device for guiding and transferring a board, and 10 t he | oader
unit is equipped with a pair of second guide rails having a drive
device for transferring the board, and then the first guide rails
of the unquﬂ;&mﬂﬂ%t are coupled with the second guide rails of the
| oader unit t hrough above the positioning table scPFHI?0%25 boar d
can 15 be delivered therebetween. According to a
sevent h aspect of the present _ i nvention, there is provided a board
transfer apparatus according to the fifth aspect, wherein the
process is to pl ace conponents on the board and the processed ‘board
is 20 a board after the conponents @ acenent.

According to an eighth aspect of the present i nvention, there is
provi ded a board transfer aQParatus ) . according to the sixth aspect,
wherein the process is ®g- 1s appide Vdfporangn thee HomanseaeRtt he

processed boarg i s p25q  cr@nBPEE Y Qe A GRTPORENLS placerent

7 apparatfizCORkSiry t B8 ANECLALBA: hOR: | BEENELON pldint
invention;
5 Fig. 3 is a side view showing the arrangement

and board transfer operation of the board transfer
apparatus according to the embodiment of the present
invention;

Pig. 4 is a side view showing the arrangement

:10 and board transfer operation of the board transfer
apparatus according to the ewmbodiment of the present
invention;

Fig. § is a side view showing the arrangement
and board transfer operation of the board transfer

15 apparatus according to the embodiment of the present
invention;

Fig. 6 is a side view showing the arrangement
and board transfer operation of the board transfer
apparatus according to the embodiment of the present

20 invention;

Figs. 7A and 7B are schematic plan views
showing the arrahgements and board transfer operations of
the board transfer apparatus according toc the embodiment

corresponding to Figs. 3 and 4, respectively;



board after the process such as conponent placenment is tenporarily

transferred fromthe position to the unl oader unit, and then in
this state that the succeeding board is 5 transferred in fromthe

| oader unit EQFFposition, t he unl oader unit is {th the

| oader unit“%egr e position, where the board is g?@@h?ﬁg?% out to
t he | oader unit. Therefore, the replacenent of boards can be
acconpl i shed snoothly w thout usel essness. 10 Thi s board
transfer nmethod allows the succeedi ng board prior to the
process to be positioned during the discharge process of the
precedi ng board after t he proces$. Thus, the production

ef ficiency can be enhanced. 15 BRI EF DESCRI PTI ON OF DRAW NGS

These and ot her aspects,.and features e, . rese L.nvention wll
become clear fromthe ?&SI’OVén s_ a s¢ e'é%’slccri 5%?%nvltg§§'en |°nmcn(%1j %iﬁgtion
with the prefghh@dgement andTUHABNESahBEELOLLMLLLIEST BECNGR [ BohPE
acconpanyi ng 20 drawi ngs, in i ch: Fig. 1 i1s a side
vi ew show ng tthenafeangpp®fdtus in Figandaboard transfer operation of the

board transfer apparatus according to one enbodi nent of the present
i nventi on: Fig. 9 is a side view showing coupling
S mechanisms in the embodiment; and

Fig. 10 is a side view of a conventional board

transfer apparatus.

BEST MODE FOR CARRYING OUT THE INVENTION
Before the description of the present invention
10 proceeds, it 1is to be noted that 1like parts are
designated by like reference numerals throughout the
accompanying drawings.

Hereinbelow, the boaxrd transfer method and
apparatus according t¢ one embodiment of the present

15 invention are described with reference to the
accompanying drawings.

Figs. 1 through 6 are side views of a board
transfer apparatus according to the embodiment of the
present invention, showing sequential steps. Figs. 7A,

20 7B are schematic plan views corresponding to Figs. 3 and
4. Fig. 8 is a schematic side view showing the
arrangement and board transfer operation of the board

transfer apparatus in Fig. 7A.
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8 Fig. 2 is a side view showi ng the arrangenent

and board transfer operation of the board transfer apparatus
according to the enbodi ment of the present i nventi on;

Fig. 3 is aWQ¥B#40ew showi ng the arrangenent and Bﬁywmﬁsfer
operation of the board transfer - appar atus according to the

enbodi mrent of the present i nventi on; Fig. 4is a
si de view show ng the arrangenment 10 and board transfer operation
of the board transfer apparatus according to the enbodi nent of
t he present I nventi on; 10 Fig. 5i1s a side view
showi ng t he arrangenent and board transfer operation of the

board transfer paratus according to the enbodi nent of the
pr esent |nvent |Rﬁ£ erring to the figumeisy. mefierencei gumeraly $Bowi ng

t he arrangeneng and transfer. operatjion _of the  board
transfer denotss,@an (Y 'i?gg‘ﬁii ivH t‘??‘at“méleeﬁ%o(ﬂ NRARTS P 1P D8t

table, disposed on a base 6 at a position where the
electronic component placement is carried out. The X-Y

5 table 12 holds a board 1 removably and horizontally by a
holding portion 12A, and positions the board 1 on a
horizontal plane, in which state components are placed.
On both sides of the X-Y table 12, an unloader unit 9 and
a loader unit 15 are disposed in line.

10 The unloader unit 9 is equipped with a pair of
guide rails 7 for guiding the  Dboard 1 via
parallelogrammic link mechanisms 8, the guide rails 7
having a drive device for transferring the board 1. Each
of the drive device includes a motor 7e, a first pulley

15 connected to a rotary shaft of the motor 7e¢, and a second
pulley 7f connected to the first pulley with a belt 7d so
that the belt 74 is moved in two directions by the normal
and reverse rotations of the first and second pulleys 7f
by driving the motor 7e to transfer the board on the belt

20 7d. -The link mechanisms 8 are each equipped with a drive
mechanism similar to the air cylinder 4 of the 1link
mechanism 3 of Fig. 310, by which the link mechanisms 8
can be rotated about Fulcrums 8a so that the guide rails
7 are moved up and down while keeping in a horizontal

25 state.

nawre:



20 I nventi on; Figs. 7A and 7B are schematic plan views
showi ng the arrangenents and board transfer operations of t he
board transfer apparatus according to the enbodi nent correspondi ng

to Fig nedsgSPectively; WO 97/ 34460  pcriaperi0077s
PCT/JP97/ oo %94; 9 )

Fig. 8 is a schematic side view show ng the arrangenent and board
transfer operation of the board transfer apparatus in Fig. 7A '
Fig. 9 is a side view showing coupling 5 mechani sms in the
enbodi nent; and Fig. 10 is a side view of a conventi onal
boar d transfer appar atus. 11 BEST MODE FOR CARRYI NG OQUT THE
| NVENTI ON Bef ore the description of the present invention
10 proceeds, it

tQ not ed hat p
desi gnat ed by I|ke refe «? n&ﬁﬁ%ﬁl Lo, % gﬁou 1y %&g%ed 3@05&6%ﬁy| ng
draw ngs. 11 disposed along the direction in which the board 1 is

transferred. By the drive of an air cylinder 10, the
unloader unit 9 can be moved back and forth along the

5 board transfer direction together with the first guide
rails 7.

Reference numeral 13 denotes a pair of second
guide rails 13 for guiding a becard 1 prior to compconent
placement or a board 1 after component placement, the

:_-LO second guide rails 13 being equipped with a drive device
for trarxsferred the board. Each of the drive device
includes a motor 13e, a first pulley connected to a
rotary shaft of the motor 13e, and a second pulley 13f
connected to the first pulley with a belt 13d so that the

15 belt 13d is moved in two directions by the normal and
reverse rotations of the first and second pulleys 13f by
driving the motor 13e to transfer the board on the belt
13d. The second guide rails 13 are attached to the
loader unit 15 via a plurality of parallelogrammic link

20 mechanisms 14 having the same construction as the link
mechanisms 8, by which the link mechanisms 14 can be
rotated about the fulcrums l4a so that the second guide
rails 13 arxe moved up and down while keeping in a

horizontal state.



Her ei.nbel ow, the board transfer nmethod and apparatus according to
one enbodi nent of the present 15 I nvention are described wth

ref erence to the acconpanyi ng draw ngs. Figs. 1
t hrough 6 aQﬁ?ﬁ%gg?V|ems of a board transfer apparatus according to
t he enbodi present invention, show ng s&GHaPHUOBI?S st eps.
Figs. 7A 7B are schemati ¢ plan views correspondlng to Figs. 3 and
4. Fig. 8 is a schematic side view showing the :
arrangenent and board transfer operation of the board transfer
apparatus in Fig. 7A WO 97/ 34460 .
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Referring to the figures, reference nuneral 12 denotes an X-Y
tabl e, as exanple of a_board positioning tabl e, disposed on a base
6 at a position mhere {pe this arrqagswﬁﬁénlGh@odﬁvﬁﬁhtgpld%euanﬂ8|§7carr|ed

out. The X-Y ab 12 h Ids board 1 re bly and horlzontally
by a ﬁgfldltrlllge poer n% € Ay Hostti 8hE t%t%ﬁé‘r PRrragiged so

that they can be p051t.10nally set to any one of an "up

position” and a "down position." In the down position

5 (see Fig. 2), the fimst guide rails 7 and the second

guide rails 13 become f£lush with the board 1 held by the

X-Y table 12 while they come into contact with both gides

of the X-Y table 12, where the X-Y table 12 is connected

to the guide rails 7, 13 via unshown coupling mechanisms,

:1:0 so that a board can be delivered from and to each other.

Although the coupling mechanisms is provided in order to

ensure the connection between them, if possible, the
coupling mechanisms may be omitted.

In the up position (see Fig. 1 and Figs. 3 to

15 5), the guide rails 7 and the guide rails 13 become flush

with each other at a high position. Furthex, both guide

rails 7, 13 are identical in cross sectional shape and

dimensions to each other, and placed in line as shown in

Fig. 7. The guide yails 7, 13 have, at their end

20 portions on one side on which the guide rails 7, 13 are

opposed to each other, coupling mechanisms 7a, 13a for

connecting the guide rails 7, 13 to each other, by which

a unitary board transfer path can be formed when the

guide rails 7, 13 are coupled with each other so that a

25 board can be delivered from and to each other. Fig. 9



horlzohtal pl ane, in which state conponents are pl aced. On both
sides of the X-Y table 12, an unl oader unit 9 and a | oader unit 15
ate disposed in I|ne 10 : The unl oader unit 9 is equipped with

a pair of rails 7 for gui di ng the b vi a
parallelograﬁﬁ?gw? nechanlsns 8, the guide rails 7 %%&ﬁEVWﬁasa

drive device for transferring the board 1. Each of the drive device
includes a notor 7e, a first pulley 15 connected to a rotary shaft of

the nmotor 7e, and a second pul l ey 7f connected to the first pulley

with a belt 7d so that the belt 7d is noved in two directions by

t he nornal and reverse rotations df3the first and second pul |l eys 7f
by driving the notor 7e to transfer the board on the belt 20 7d. The

|l i nk mechanisns 8 are each eq ed with a drive anlsn13|n1lar
to the air cyli fpewssthe Fﬁ’épf+'g£ mechanisms, Janit3m SR °§| ijhl‘i’e D3% i ch

the 1ok, mechani 3tBed ang che GALPSS WRILEIADOUPIMGHUTR Bapatdhat the

guide rails are nove and Ing I'n or|zonta
25 state.  getachably ¥Eg84i8d46@to the recess for connecting the

PCT/ JP97/ 00775
guide rails to each ather.
=3 Reference numerals 16, 17 and 18 denote sensors
for detecting passage and arrival of the board 1. The
sensors are preferably of the light reflecting type or
the light transmissiom type, but not limited to these.
With regard to the above arrangement, its
:10 operation and board transfer method are explained below.
The transfer process for the board 1 basically comprises
the following six steps, where a preliminary step shown
below is included at the time of start:
Preliminary step: At a start of board transfer, in
15 the state that the smecond guide rails 13 of the loader
unit 15 is in the down position and is connected to the
X-Y table 12, a first board 1 prior to component
placement is transferred from the second guide rails 13
into the X-Y table 12 and subsequently a next board 1
20 prior to component placement is transferred ontoc the
second gquide rails 13. Thereafter, the second guide
rails 13 are lifted to the up position, where the second
guide rails 13 go away from the X-Y table 12, resulting
in the state of Fig. 1, in which state the component

25 placement is performed on the first board 1 on the X-Y



11 . The unl oader unit 9 is novably placed on rails
11 di sposed along the direction in which the board 1 is
transferred. By the drive of an air cylinder 10, the unl oader unit

9 can be and forth along the 5 board transfer direction
t oget her mﬁ?ﬁq?ﬁgﬁ¢irst gui de rails 7. PCTAPYTRETSr ence

nuneral 13 denotes a pair of second guide rails 13 for guiding a
board 1 prior to conponent ~ placenment or a board 1 after conponent
pl acement, the 10 second guide rails 13 being equipped with a drive
devi ce for transferred the board. Each of the drive device

I ncl udes a notor 13e, a first pulley conmected to a rotary shaft of
the notor 13e, and a second pul l ey 13f connected to the first

pulley with atbﬁit 1$d sQ that the 15 belt 13d is noved in two
directions by"fRE®ndf mal 1AnfhRe steadyishates prosegsi ofinee thisfstate and

second pul | eyf,d 3t | Vi he tor 13 transfer the board

on the belt ad re%%&?d e gfel%:or?%q&%f’ge%&ﬁqes ‘1% &IP‘E df‘t”zfc}heﬂl’fti}‘t he

| oader unit 1btd¥pa Bt PLallshffde i ntPHAIHa8le0dh@RNMLEcbis ; ‘Ugg ani sns
14 having the sanme construction as the ﬁ nk cgn@%h%%?s%%r%, ‘€ whi ch
t he |ink nmechaibxsinsstleps axpiained belowot at ed about the ful cruns 14a so

that the second guide rails 13 are noved up and down while keeping
ina 5 hor | 6%l s&eRt e Referring to Fig. 1, a board 1 prior to

component placement is standing by on the second guide
rails 13. There is the board 1 after component placement
on the X-Y table 12. With the component placement over,
when the X-Y table 12 has returned into position, the
io first guide rails 7 and the second guide rails 13 move
down so as to be joined and connected with rails 112 of
the holding part 12A of the X-Y table 12 as shown in Fig.
2. The rails 112 is equipped with a drive device for
transferred the board. Each of the drive device includes
1s a motor 112e, a first pulley connected to a rotary shaft
of the motor 112e, and a second pulley 112f connected to
the first pulley with a belt 112d so that the belt 1124
is moved in two directions by the normal and reverse
rotations of the first and second pulleys 112f by driving

20 the motor 112e to transfer the board on the belt 1124.
Second step: Referring to Fig. 2, the board 1 after
the component placement on the X-Y table 12 is
transferred out to the first guide rails 7, while the

board 1 prior to component placement on the second guide
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12 - In this arrangenent, the first guide rails 7

and the second guide rails 13 are further arranged so that they can
be position to any one of an "up positioW'ﬁﬁﬁhgk" wn
position.” q*#%w? e down position. 5 (see Fig. 2), the |rs#mg§ide
rails 7 and the second guide rails 13 becone flush with the board 1
hel d by the X-Y table 12 while they conme into contact with both

si des of the X-Y table 12, where the X-Y table 12 is connected

to the guide rails 7, 13 via unshown coupling nechanisns, 10 so that a
board can be delivered fromand to each dbher. Al t hough the
coupling mechanisns is provided in order to ensure the connection

bet th i f, | bl.,e, th | ' i tted.
petueen Rom L ROSIOLS, L0rorvan. SPURLLDO MO SO (v e A L el
and the gui de %@%%%@h%%eggeﬁt%&mom, s‘%nh?%&ﬁ&gu& er at a high

position. Furt gui de _ ralrl's are Identical in cross
sectional shape anthird stepdi NR&S&PHEnG RGOt Herwhandepkaeedrianal i ne as

shown 1n after the component placement has passed through the

5 sensor 16 and the board 1 prior to component placement

has passed through the position of the sensor 18, the

first guide rails 7 and the second guide rails 13 are

moved up by the drive of their respective air cylinders,

going away from the X-Y table 12 as shown in Fig. 3,

io where the X-Y table 12 starts positioning the board 1

prior to component placement, and the component placement

is performed on the positioned board 1 on the X-Y taple

12. The board 1 after the component placement moves up

to the position of the sensor 17, coming to a stop there.

i5 A plan view corresponding to the side view of Fig. 3 is
shown in Fig. 7A.

Fourth step: Referring to Fig. 4, the first guide
rails 7 attached to the unloader unit 9 are driven by the
air cylinder 10 so as to move leftward, as viewed in the

20 figure, moving over above the X-Y table 12, until one end
of the first guide rails 7 come into contact with one end
of the second guide rails 13 of the loader unit 15.
Then, the first quide vails 7 and the second guide rails
13 are joined together by the coupling mechanisms 7a,

25 13a. A plan view of this state is shown in Fig. 7B.



Fig. 7. The guide rails 7, 13 have, at their end 20 portions on

one side on which the guide rails 7, 13 are opposed to each ot her,
coupl i ng mechani sms 7a, 13a for connecting the guide rails 7, 13 to
each ot her, by which a unitary board transfer path_can be forned
when the WO9344§0i de rails 7, 13 are coupled with each ofH ¥ That a
25 board can be delivered froh1and to each other. Fig. 9

WD 97/ 34460 PCT/ JP97/ 00775

13 shows the coupling nechanisns 7a, 13a one of which has a
recess and the other of which has a projection capabl e of

det achably engaging into the recess for Xnnecting the guide rails
to each other. 5 Ref erence nunerals 16, 17 and 18 denote
sensors for detecting passage and arrival of the bgard 1. The
sensors are prefeFaftR StePhe ﬁ%ﬁﬁFrFE9IE€tfﬁg t ypethe board 1 afper|jgnt
transm ssion type, but no mted to the h, egard
to the above aﬁﬁ@ﬁ§WFditplaQﬁT6ﬂ% opera |gﬁr§%dggéngﬁﬁ%§%f%r *fet hod

are expl ai ned el Q¥errea through the connecting portion between the
first and second guide rails 7, 13 onto the second guide
5 rails 13, where the board 1 is taken out from on the

second guide rails 13 by a robot or the like.

Sixth step: Referring to Fig. 5, at the stage when
the board 1 after the component placement ‘has passed
through the position of the sensor 18 and has been

:j.o transferred onto the second guide rails 13, the first
guide rails 7 are driven by the air cylinder 10 so as to
be moved in such a direction as to go away from the
second guide rails 13, i.e., rightward as shown in Fig.
6, coming to a stop at a moving end. Also, onto the

15 second guide rails 13, a succeeding board 1 prior to
component placement is set up by the xobot or the like
and moved in the direction indicated by the arrow in the
figure, i.e., toward the X-Y table 12, coming to a stop
at the position of the sensor 18.

20 As shown above, the board transfer operation is
iterated with the first to six steps taken as one cycle,
while the take-in and the take-out of boards are

performed in parallel with the component placement onto

the boards.



The transfer pr
following six s
i ncluded at the
board transf

| oader wo

ocess for the board 1 basically conprises t he
teps, where a prelimnary step shown below is

time of start: Prelimnary step: At a start of

the state that the second guide ' f
%ﬂﬁml5 s in the domn position and is conne%?téﬁﬁéé? e

X-Y table 12, a first board 1 prior to conponent pl acenment is

transferred fro
and subsequent |
transferred ont
second gui de
second

in the state of
perfornmed on th
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12. -In the ste

m t he second guide rails 13 into the X-Y table
y a next board 1 20 prior to conponent placenent

t he

12
S

o the second guide rails 13. Thereafter, the’
rails 13 are liftedX’ the up position, where the
guide rails 13 go away fromthe X-Y table 12, resulting

Fig. 1, in which state th%_co opent 2&5 Iacenent S
e first bbArd Pn EREVE. ydescr Tiption, =97/
géacement has been dene 1 the th%rd step:? H?]ever,t l'e
y-state process, nee Thrs st as resulted at

the tailing stagg Qflsbhq;d‘sglmesw hperform thest&hapdidenits ﬂéd‘dn@nentlﬂ 0

take into accou

10

15

20

25

nt the first to
the first step.

As described above, according to the board
transfer method and @apparatus of the embodiments of the
present invention, the replacement of a board after
component placement and another boaxd prior to component
placement from and to the X-Y table 12 are performed at a
time. When the board 6 after component placement that
has one been moved to the unloader unit 9 is transferred
to the loader unit 18, the first guide rails 7 are joined
with the second guide rails 13 over above the X-Y table
12 on which the next board is placed. Thus, an efficient
board transfer is enabled in the return-back system
production.

In additien, the present invention wmay be
modified and changed in various ways without being
limited to the above embodiments.

For example, although the positioning of a
board and the component placement have been performed in
the same step in the above description, the positioning
of a succeeding board prior to component placement can be
done simultaneously, for example, during the discharge

process of the precdhlng board after component placement.



sixth steps explalned bel ow. 5 First step: Referring to Fig. 1,
a board 1 prior to conponent placenent is standing by on the
second gui de rails 13. There is the board 1 after conponent

pl acement on the X-Y table 12. Wth the conponent placenent over,
when the X- WO2¥H4%01> has returned into position, the 10 A%’H?W@HEQU|de
rails 7 and the second guide rails 13 nove down so as to be joined
and connected with rails 112 of the hol ding part 12A of the X-Y
table 12 as shown in Fig. 2. The rails 112 is equipped with a
drive device for transferred the board. Each of the drive device

I ncl udes 15 a notor 112e, a first pu8ley connected to a rotary shaft
of the notor 112e, and a second pulley 112f connected to the first
pulley with a belt 112d so that the belt 112d is_nmoved in two
directions by tReSHERn@ ARG r &bgr Sdme required; foroheasd rRRlacementang

d |1 2t b 0 to.t f i he board
on the bel 1 1158 e erickhBl o8l on wldlben ] e Chodfe, BORS Rainlf 001

after £ bRe . CcONPoONent placenent on the XY table 12 is
transferred out to the first guide rails 7, while the board 1 prior
t o conponent pl acenent Aabthdsglsatmnceayipiotent placement id8\Q& Gt

PCT/ JP97/ 00775
5 on the board 1 in the component placement position in the
embodiment, the presefit invention is not limited to such
a component placement but can be applied to another
process such as an ingpection of the component, soldering
of the component in a position where such another process
io is carried out.

According to© the present invention, it is
enabled to transfer out the preceding board after
component placement with a succeeding board present on
the X-Y table. This allows a very efficient board

15 transfer to be attained in the return-back system
production. Also, one operating robot will do for this
system, so that the facility cost can be saved to a
relatively low.

Although the unloader unit is moved above the

20 board in the embodiment, the present invention is not
limited to this arrangement. That 1is, for example,
instead of the unloader unit, the loader unit can be
moved above the board that is in the position until the
unloader unit is couéled with the loader unit. Also,

25 although the unloader unit and the loader unit are moved



15 rails 13 is transferred in onto the X-Y table 12 (in
conponent pl acenent position), sinmultaneously. Third step:
‘Referring to Fig. 2, mhen the board 1 after the conponent placenent

has passed thr the sensor 16 and the board 1 P "ﬁihf nponent
pl acenent &' o7k as passed t hrough the position of the senéor t he

first guide rails 7 and the second guide rails 13 are nnved up by
the drive of their respective air cylinders, goi ng away fromthe
X-Y table 12 as shown in Fig. 3, 10 where the X-Y table 12 starts
positioning the board 1 prior to conponent placenent, and the
conponent pl acenent is performed®on the positioned board 1 on the
X-Y tabl e 12. The board 1 after the conponent placenent anes up

to .the position of_.the_sensor com n 0 her e 5, | an
Vi ew coPrespomV?@dta flheé]"é"fna’@ rd; e%tg}f ?—? % g P end ‘%‘Ff% n; the 8 7A.
Fourth step: Gef@fddlg e idesdnt! 'iﬁvfahé%ngi'é deot Limited ! qid s At t ached

to -the unloader unit 9 are driven by t alr 10 so as to
nmove | ef t war darfanyématicl | N Thae 248 forf ledidfnBleOWHRY BY:EFS abaﬁe Behe X-Y

table 12, until one end of the first guide rails 7 cone into
contact with weee@ndupward amd tdéewmetshd i depward s @81 of dewrevdxshder
uni t 155 movements of the positioning table with respect to the
loader unit and the unloader unit so as to perform the
same cperations.

The entire disclosure of Japanese Patent
Application No. 8-54956 filed on March 12, 1996,
10 including specification, claims, drawings, and summary

are incorporated herein by reference in its entirety.
Although the present invention has been fully
described in connection with the preferred ewbodiments
thereof with reference to the accompanying drawings, it
15 is to be noted that various changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the

scope of the present invention as defined by the appended

claims unless they depart therefrom.



Then,. the first guide rails 7 and the second guide rails

13 are
j oi ned together by the coupling nmechanisnms 7a, 25 13a. A plan view of
this state is shown in Fig. 7B. WO 97/ 34460
PCT/ JP97/ 00 16 Fifth
st ep: Refe%%ﬁﬁ6“¥o Fig. 5 the board 1 after ' t he %%WHBHQMF

pl acenment on

connecting portion between the first and second guide rails 7, 13
onto the second guide 5 rails 13, where the board 1 is taken out from
on the second guide rails 13 by a robot or the I|ike.

Sixth step: Referring to Fig. 5, at the28tage when the board 1

after the conponent placenent has passed
t he sensor 18 and has been 10 tr E red onto the second guide rails
rtven by the air cylinder 10 so as

13, the first

the first guide rails 7 is

guide rails 7 are

to be nmoved in such a direction as to go away fromthe
rails 13, i.e., rightward as shown in Fig. 6, com ng

second gui de

to a stop at a noy|ng Xrsbard Alrsmsfedt acthed 1k whiclhesopsheti g rigd | s 13,

a succeedi ng

10

15

20

board 1 prior to
transferred in from a loader unit (15) into a position

where a process is carried out on the board and, after
the process is carried out, the processed board is
returned back to the lomder unit and discharged out,

the method comprising:

after the progess is carried out onto the board
in the position, moving the processed board from the
position onto an unloader unit (9), while simultaneously
transferring a succeeding board (1) prior to the process
from the loader unit into the position;

thereafter relatively moving the unlocader unit
or the 1loader unit above the board that is in the
position until the unloader unit is coupled with the
loader unit; and

delivering to the loader unit, and thereby
discharging out, the processed board that has been moved
to the unloader unit.

2. A board trangfer method according to Claim 1,
wherein a succeeding board (1) prior to the process is
positioned into the pwsition during a period which the
unloader unit or the lgader unit is moved above the board

in the position so as to be coupled with the loader unit,

RO AR A

transferred through the

t hrough the position of

-



conponent placenent is set up by the robot or the |ike and noved in

the direction indicated by the arrow in the figure, i.e., toward
the X-Y table 12, coming to a stop at the position of the sensor
18. 20 As shown above, the board transfer op ' ' _
iterated wi tTOTHE*%irst to six steps taken as one cycl e, ?E?bh@ﬂgﬂ?le t he
take-in and the take-out of boards are performed in parallel with
t he conponent pl acenent onto t he boards. WO 97/ 34460
PCT/ JP97/ 00775 17

In the above description, t he conponent pl acenent has been
done in the third step. However, it 21 js also possible to perform

t he conponent pl acenent in the first step. 5 As

descri bed above rdin t he .board transfer_ nmethod and
appar at us of tﬁé‘ae%%%?’ﬁ%nttg'eo (.)l:iohc%ssed ?"’arSr é%‘?ﬁt ha‘lsn\a/been T o ?vec{]hté?

repl acenent  Oftheduh98hder Aldi is delive£€APEHAHe RlAGRIERh ANd anot her
board prior to conmponent pl acenent fromand to the X-Y table 12 are

perforned at a 3. A board tramsfer method according to Claim 1,

wherein the process is to place components on the board

5 and the processed board is a board after the components
placement.
4, A board tramsfer method according to Claim 2,

wherein the process is to place components on the board
and the processed board is a board after the components
_io placement .

5. A board transfer apparatus in which a board (1)
is transferred in from a loader unit (15) intc a position
whexre a process is carried out on the board and, after
the process is carried out, the processed board is

15 returned back to the loader unit and discharged out,
the apparatus comprising:
an unloader  unit {(9) for guiding and
transferring a board;
a driver (10) for moving the unloader unit or
20 the loader unit along a direction in which the board is
transferred;
a positioning table (12) for positioning the
board; angd

a loader unit (15} for transferring the board,

A



10 . tine. When the board 6 after conponent placenent that has
one been noved to the unloader unit 9 is transferred to the | oader
unit 15, the first guide rails 7 are joined with the second guide
rails 13 ovgogﬁ%g the X-Y table 12 on which the next board is

pl aced. Thus, ficient 15 board transfer is enaBFEEITPNTS t he
return-back system producti on. In addition, the
present invention nay be nodi fi ed and changed in vari ous ways

wi t hout bei ng limted to the above enbodi nents. 20

For exanple, although the positioning of a board and the
conponent pl acenent have been perforned kn the sanme step in the
above description, the positioning of a succeedi ng board prior to
conponent pl acement can, be done simultaneously, for exanple,
during the di schargeerein the gpdaadlerounifeipr eewrled) Wwidh the tlmadsanponent

g'&f?g‘;g} 60775unit throug\g %.71:{0%%46t(::)he positioning tabl;el_8 so that tlhﬁ such

case, the timy,aida{l Je0lhe99E0el CPAA RV en.

6. A board transfer apparatus according to Claim

a.

S 5, wherein the unloader unit (3) is equipped with a pair
of first guide rails (7) having a drive device (7d,7e,7f)
for guiding and transferring a board (1), and the loader
unit is equipped with a pair of second guide rails (13)
having a drive device (13d,13e,13f) for transferring the

_-10 board, and then the £irst guide rails of the unloader
unit are coupled with the second guide rails of the
loader unit through above the positioning table so that
the board can be delivered therebetween.

7. The board transfer apparatus according to Claim

15 S, wherein the process is to place components on the
board and the processed board is a board after the
components placement.

8. The board transfer apparatus according to Claim
6, wherein the process is to place components on the
20 board and the processed board is a board after the

components placement.

L



.- 56 QSOM?Q 8
can be shortened to an extent of the board positioning gﬁ p.
Al t hedgh -t he conponent placenent is carried out 5 on the boa Fi |n
t h& conponent pl acenent position in the enbodi nent, the g
invention is not limted to such a conponent placenentanf*s
ponent ,

applied to anoth process suc of t hgad
sol dering %Tt he corrpgﬁlg'ﬁ Tﬁxmgﬁﬂ%%%&guch anotMer process
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(57) Abstract

Inaboaxdmfermﬂwdmwh:chabouﬂ(l} jor to component placement is transferred from a loader unit (15) into 2 component-
placement position (12) and, after the component place is carried out, the board (1) (after the component placement) is retumed back to
the loader unit (15) and discharged out, then after thejplacement of components onto the board (1) in the component-placement position, the

fom the component-placement position onto an unloader unit (9), while simultaneously
transferring a succeeding board prior to component ffacement from the loader unit (15) into the component-placement posmon. thereafter
the ualoader unit (9) is moved above the board that

’? in the component-placement position until the unloader unit (9) is coupled with the
- loader unit (15), and the board after the component flacement that has been moved to the unloader unit (9), is delivered to the loader unit
(15), and thereby is discharged out, !
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19 upward and downward with respect to the board in the

ehbodi ment, the present invention is not limted to this

arrangenent . i.s, for exanple, the board can be pwar d
and domnmardvg§ upward and downward 5 nmovenent s of thePEES|%?§ﬁ#ng
table with respect to the | oader unit and the unloader unit so as
to performthe same operations. The entire

di scl osure of Japanese Patent PApsl i cation No. 8-54956 filed on’
March 12, 1996, 10 i ncl udi ng specification, clains, draw ngs, and
sunmary are incorporated herein by reference inits entirety.

Al t hough the present invention has been fully described in
connection with the preferred enbodi nents thereof with reference to
t he acconpanying drawings, it 15 = is to be noted that various changes
and nodifications are apparent to those skilled in the art. Such
changes and nodi fications are to be understood as included within
t he scope of the present invention as defined by the appended
clainms unless they depart therefrom
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20 CLAI V5 1. A board
transfer nmethod in which a board (1) is transferred in froma

| oader unit jnfo a p03|t|on where a process is | ut on
t he board ang%gg the process is carried out, P?ﬁgh%@gggssed
board is returned back to the | oader unit and discharged out,

t he net hod conpri si ng: _ after the process is carried out
onto the board in the position, 2w¥ing the processed board from
the 10 position onto an unloader unit (9), while simultaneously ’
transferring a succeeding board (1) prior to the process fromthe
| oader unit into the position; thereafter relatively
novi ng the unl oader unit or the | oader unit above the board that is
in the 15 position until the unloader unit is coupled with the

| oader unit; and _ delivering to the | oader unit, and

t her eby FF- M

o\./‘\
-




di scharging out, the processed board that has been noved to the

unl oader unit. 20 2. A board transfer nethod according to Claim
1; wherein a succeeding board (1) prior to the process is
positioned i A4GeP0Si tion during a period which the er
unit or the B%ggér unit is noved above the board [ nrfﬁgﬂgggﬁgion SO
as to be coupled with the | oader unit, WO 97/ 34460

PCT/ JP97/ 00775 . 21 and
further the processed board that has beed/®ved to t he unl oader
unit is delivered to the | oader unit. 3. A board transfer -
nmet hod according to Caiml, wherein the process is to pl ace
conponents on the board 5 and the processed board is a board after

t he conponents pl acenent . 4. A board transfer nethod
according to Caim 2, wherein the process is to place conponents on
t he board and the processed board is a board after the conponents
10 pl acenent . 5. A board transfer apparagqs in which a
board (1) Tt

Frg 5



S transferred in froma |loader unit (15) into a position where a

process is carried out on the board and, after the process is
carried out, the processed board is 15 returned back to the | oader
unit and dis 5Q§Q out , t he appar at us conprisrg%

an unl oader " uni (9) for gui di ng and trans rrrng a b ard;
a driver (10) for noving the unloader unit or 20 the | oader unit along
a direction in which the board is . transferred, a
positioning table (12) for positioning the board; and

a | oader unit &;5) for transferrrng the #d&xd, WO 97/ 34460

PCT/ JP97/ 00775 22

wherein the unloader unrt [ oupl ed t oader t through
above the positi oriusng t 48 e 2 t Hat tméh PF?H Wr%}ca{u be dgr ver ed
: us

t her ebet ween. b ard tlansfﬁr appar accordi to Caim
5 5, wherein t qfn-'<-5qﬁ"pne pair

1 R R
_________
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of first guide rails (7) having a drive device (7d, 7e, 7f) for

guidihg and transferring a board (1), and the | oader unit is
equi pped with a pair of second guide rails (13) having a drive
device (13d, 13e, 13f) for transferring the 10 board, a e
first guide r¥PP¥HYMP the unl cader unit are coupl ed wuhlkﬂﬁﬂoé't’%econd
guide rails of the | oader unit through above the positioning table
so t hat t he board can be delivered therebetween. 7. The
board transfer apparatus according to C aisns 15 5, wherein the process
is to place conponents on the board and the processed board is a
board after the conponent s pl acenent. 8. The board
transfer apparatus according to Claim 6, wherein the process is to
pl ace conponents on the 20 board and the processed board is a board
after the conponents pl acenent.
Fig.8
13d 112e 1l12d Te |
e )L Wp)e L ™My
\ c&fﬁ;—*——-——q\AL [ 1 —— /'
— 1
2
15— , 9
12
Fig 9
13a Ta

Y v ——y



